Background Failure to control a periprosthetic joint infection (PJI) often leads to referral of the patient to a tertiary care institution. However, there are no data regarding the effect of prior surgical intervention for PJI on subsequent infection control.
worse if the initial surgery for PJI was performed before referral to a tertiary care center when compared with after referral for definitive treatment? (3) We calculated how many patients are harmed by the practice of surgically attempting to treat PJI before referral to a tertiary care center when compared with treatment after referral to a tertiary care center for definitive treatment. Methods Among 179 patients (182 TKAs) who were referred for PJI between 2004 and 2014, we retrospectively studied 160 patients (163 TKAs) who had a minimum of 2 years of followup after surgical treatment or had failure of treatment within 2 years. Nineteen TKAs (19 patients) were excluded from the study; 13 patients (7%) had < 2-year followup, three patients had infected periprosthetic fractures, and three patients had infected extensor mechanism reconstruction. Eighty-six patients (88 TKAs, two bilateral [54%]) had no surgical treatment before referral to our institution for PJI management, and 75 patients (75 TKAs [46%]) had PJI surgery before referral. The mean followup was 2.4 6 1.2 years for patients with PJI surgery before referral and 2.8 6 1.3 years for patients with no surgery before referral (p = 0.065). Infection-free survival was defined as prosthesis retention without further surgical intervention or antibiotic suppression. During the period, further surgical intervention generally was performed after failure of irrigation and débridement, a one-or two-stage procedure, or between stages of a two-stage reimplantation without documentation of an eradiated infection, and antibiotic suppression generally was used when patients were not medically sound for surgical intervention or definitive implants were placed after the second of a two-stage procedure with positive cultures; these criteria were applied similarly to all patients during this time period in both study groups. Endpoints were assessed using a longitudinally maintained institutional database, and the treating surgeons were not involved in data abstraction. Relative and absolute risk reductions with 95% confidence intervals (CIs) as well as a Kaplan-Meier survival curve with a Cox proportional hazard model were used to evaluate survival adjusting for significant covariates. The number needed to harm is calculated as the number needed to treat. It is the reciprocal of the absolute risk reduction or production by an intervention. Results The cumulative infection-free survival rate of TKAs at 2 years or longer was worse when PJI surgery was performed before referral to a tertiary center (80%; 95% CI, 69%-87%) compared with when no PJI surgery was performed before referral (94%; 95% CI, 87%-98%; log-rank test p = 0.006). Additionally, PJI surgery before referral resulted in a lower likelihood of causative microorganism identification (52 of 75 [69%]) compared with patients having surgery at the tertiary center (77 of 88 [88%]; odds ratio, 2.71; 95% CI, 1.28-4.70; p = 0.006). With regard to the infection-free survival rate of TKAs, the number needed to harm was 7.0 (95% CI, 4.1-22.5), meaning the referral of less than seven patients to a tertiary care center for definitive surgical management of PJI before intervention at the referring hospital prevents one infectionrelated failure. With regard to the culture negativity in PJI, the number needed to harm was 5.5 (95% CI, 3.3-16.7), meaning the referral of less than six patients to a tertiary care institution for PJI before surgery at the outside hospital prevents the diagnosis of one culture-negative infection. Conclusions Surgical treatment of a PJI before referral for subspecialty surgical management increases the risk of failure of subsequent surgical management. The prevalence of culture-negative PJI was much higher if surgery was attempted before referral to a tertiary care center when compared with referral before treatment. This suggests that surgical treatment of PJI before referral to a treating center with specialized expertise in PJI compromises the infection-free survival and impacts infecting organism isolation. Level of Evidence Level III, therapeutic study.
Introduction
Current surgical options for periprosthetic joint infection (PJI) include irrigation and débridement with or without polyethylene liner exchange [3, 11, 17] , one-or two-stage revision [23, 30, 33] , resection arthroplasty with or without arthrodesis [14] , and amputation [4] . Although each of these interventions may be appropriate at different times, irrigation and débridement with polyethylene liner exchange is considered a viable option for early postoperative or late hematogenous infections [3, 17] . For chronic PJI, a two-stage revision is most commonly recommended [4, 5, 33] . Some patients are referred to a tertiary care center without a prior surgical attempt to control the infection, whereas others have already undergone one or more unsuccessful surgical attempts to treat infection before referral. The treatment of PJI in a tertiary care center involves a multidisciplinary team that is often not available at referring institutions, including subspecialized orthopaedic surgeons, infectious disease specialists, plastic surgeons as well as an experienced team of physical therapists and nurses.
Although there is evidence that surgical intervention before referral adversely affects the outcome for definitive treatment of malignant musculoskeletal tumors [15, 19, 21, 22, 31] , to our knowledge, there are no reports regarding surgery before referral to control an infection on how this practice influences infection-free survival. As the number of primary TKAs has increased, the number of surgical procedures for PJI has also increased. The growing number of PJIs after TKA certainly contributes to the increase in referral to a tertiary care center for definitive management.
We therefore asked: (1) Is the likelihood of 2-year infection-free survival worse if an initial surgery for PJI was performed before referral to a tertiary care center when compared with after referral to a tertiary care center for definitive treatment? (2) Is the likelihood of identifying a causal organism during PJI worse if the initial surgery for PJI was performed before referral to a tertiary care center when compared with after referral to a tertiary care center for definitive treatment? (3) We calculated how many patients are harmed by the practice of surgically attempting to treat PJI before referral to a tertiary care center when compared with treatment after referral to a tertiary care center for definitive treatment.
Patients and Methods
Using the total joint registry of our institution, which is a large tertiary care center, we identified 182 TKAs in 179 patients who were referred for PJI between 2004 and 2014. This study was approved by the institutional review board. Patients were included if either they had a minimum of 2 years of followup after surgical treatment of PJI or had failure of treatment within 2 years. Nineteen TKAs (19 patients) were excluded from the study; 13 patients (7%) had < 2 years of followup, three patients had infected periprosthetic fractures, and three patients had infected extensor mechanism reconstruction. Thirteen patients who had < 2-year followup included six patients with PJI surgery before referral at an outside hospital and seven patients without prior surgery before referral. We retrospectively reviewed the remaining 160 patients (163 TKAs) who underwent surgical treatment for PJI at our institution. Of the 163 TKAs (160 patients) performed, 75 patients (75 TKAs [46%]) had surgery for a PJI at an outside hospital and 86 patients (88 TKAs, two bilateral [54%]) did not have surgery before referral. We retrospectively reviewed the remaining 160 patients (163 TKAs) who underwent surgical treatment for PJI at our institution. Of the 160 patients (163 TKAs), 75 patients (75 TKAs [46%]) had surgery for a PJI at an outside hospital before referral, and 86 patients (88 TKAs, two bilateral [54%]) did not have surgery before referral. The time interval between prior surgery and referral was calculated as the number of months between the prior latest surgery date at an outside hospital and the visiting date at our institution; the time interval was subdivided into acute referral (within 3 months), early referral (between 3 and 12 months), delayed referral (between 12 and 24 months), and late referral (> 24 months). Of the 75 TKAs with prior surgery, 43 (57 %) were acute referrals, 17 (23%) were early referrals, 12 (16%) were delayed referrals, and three (4%) were late referrals. Prior surgery types included 16 with irrigation and débridement, 30 with irrigation and débridement with liner exchange, 17 with resection and spacer placement, one with a one-stage revision, and 11 with a two-stage revision. Age, sex, initial diagnosis at the time of primary TKA, type of infection at the time of initial surgery for PJI, body mass index (BMI), American Society of Anesthesiologists (ASA) score [29] , the presence of a draining sinus, duration of followup, and microorganism were identified. Preoperative synovial fluid aspiration was collected, but when the initial culture was negative, the joint aspiration was repeated. Five or more intraoperative tissue specimens were routinely taken for microorganism isolation. There were no differences between the groups with respect to age, sex, BMI, etiology of arthritis, ASA score, the presence of sinus, or followup period (Table 1) . Each infection was classified as early postoperative, late chronic, or acute hematogenous infection according to Tsukayama et al. [32] . Regarding the type of infection, 41% (31 of 75) was early postoperative infection, 5% (four of 75) was acute hematogenous infection, and 53% (40 of 75) was late chronic infection in TKAs with surgery before referral. In TKAs with surgery before referral, 13% (11 of 88) was early postoperative infection, 16% (14 of 88) was acute hematogenous infection, and 72% (63 of 88) was late chronic infection (p < 0.001; Table 1 ). Patients undergoing surgery for a postoperative TKA infection before referral were more likely to be diagnosed with an early postoperative infection. The infection diagnosis followed the Musculoskeletal Infection Society definitions for PJI [26] . Infection-free survival was defined as prosthesis retention without further surgical intervention and without antibiotic suppression. Failure was defined as the use of suppressive antibiotics or any surgery for infection, including irrigation and débridement with liner exchange, component exchange revision, resection arthroplasty, arthrodesis, or amputation. During the period, further surgical intervention generally was performed after failure of irrigation and débridement, a one-or two-stage procedure, or between stages of a twostage reimplantation without documentation of an eradiated infection; antibiotic suppression generally was used when patients were not medically sound for surgical intervention or definitive implants were placed after the second of a twostage procedure with positive cultures. These criteria were applied similarly to all patients during this time period in both study groups. Endpoints were assessed using a longitudinally maintained institutional database, and the treating surgeons were not involved in data abstraction.
Statistical Analysis
Descriptive statistics for continuous variables are reported as mean 6 SD and differences between patients with and without PJI surgery before referral to a tertiary care center and were examined using independent t-tests. For categorical 1997 variables, the frequency and percent are reported and differences by prior surgery status were examined with Fisher's exact tests. Relative and absolute risk reductions with 95% confidence intervals (CIs) were used to evaluate the risk of failure for PJI, adjusting for significant covariates. Infectionfree survival at 2 years was evaluated with a Kaplan-Meier survival curve using a log-rank test to examine the difference in the two survival curves and with a Cox proportional hazard model adjusting for significant covariates. The number needed to harm is calculated as the number needed to treat. It is the reciprocal of the absolute risk reduction or production by an intervention. Differences in type of microorganism between patients with and without prior surgery were examined using Fisher's exact tests. Statistical significance was set at 0.05.
Results

Success of Infection Control
The cumulative infection-free survival rate of TKAs at 2 years or longer was worse when PJI surgery was performed before referral to a tertiary center (80%; 95% CI, 69%-87%) compared with patients who had undergone TKAs who received PJI surgery at the tertiary center (94%; 95% CI, 87%-98%; Fig. 1 ). The log-rank test, which is an overall summary of events across all time points, indicated that the two survival curves were significantly different (p = 0.006). Although the CIs overlap for the two groups at the 2-year followup, the survival curves differ overall with fewer observed versus expected failures in the no prior surgery group and more observed versus expected failure in the prior surgery group. This is a 14% increase in the absolute risk of subsequent TKA failure if a referred patient was surgically treated for a PJI before referral compared with patients who were not surgically treated before referral. The hazard ratio at 2 years was 3.63 (95% CI, 1.31-10.08; p = 0.013) for patients with surgery before referral compared with patients with no surgery before referral. In the 75 patients who received PJI surgery before referral, 16 (21%) TKAs had irrigation and débridement Table 2 ). Between patients with or without prior surgery, there were no significant differences in microorganism type based on Gram-positive bacteria (p = 0.064), methicillin susceptibility (p = 0.290), Gram-negative bacteria (p = 0.391), or polymicrobial bacteria (p = 0.545). Staphylococcal species predominated; they were identified in 46 of 75 (61%) of the TKAs that had PJI surgery before referral and in 59 of 88 (67%) of the TKAs that did not have surgery before referral (p = 0.064).
Number Needed to Harm
With regard to the infection-free survival rate of TKAs, the number needed to harm was 7.0 (95% CI, 4.1-22.5), meaning the referral of less than seven patients to a tertiary care center for definitive surgical management of PJI before intervention at the referring hospital prevents one infectionrelated failure. With regard to the culture negativity in PJI, the number needed to harm was 5.5 (95% CI, 3.3-16.7), meaning the referral of less than six patients to a tertiary care institution for PJI before surgery at the outside hospital prevents the diagnosis of one culture-negative infection.
Discussion
In orthopaedic oncology, prior surgical intervention before referral to a tertiary care center equipped with a multidisciplinary team compromises the successful outcome of definitive treatment of malignant musculoskeletal tumors. However, there are no data regarding prior surgery before referral to control the infection on how to influence infection-free survival. Therefore, we aimed to determine if surgical treatment of a PJI before referral for subspecialty surgical management increases the risk of failure.
The current study has several limitations. First, our data use existing electronic medical records; therefore, there could have been unmeasured confounders including variability in data collection and missing data for some patients. Despite all efforts, some data could not be collected. Therefore, we were unable to conduct competingrisk analysis and our analyses may underestimate failure. However, given our relatively short followup period, we do not believe the missing data were critical to influence the conclusion of this study. Second, followup ranged from 2 to 5 years, which may be too short to ensure that all infections were controlled in all patients. Longer followup is needed to determine the long-term effectiveness of treatment at a tertiary center. Third, the diagnosis of culture-negative PJIs can be challenging. Newer techniques have been introduced including synovial fluid inflammatory markers, polymerase chain reaction, and alpha-defensin [1, 6, 7, 13] . However, these tests were not routinely used during this study period between 2004 and 2014. Despite the broad variety of diagnostic tests, synovial fluid culture and tissue culture are generally used as a standard reference for diagnosis in the clinical situation. The authors also attempted to isolate causative microorganisms including repeating joint aspiration and routinely taking five or more intraoperative tissue specimens. Fourth, among 182 TKAs in 179 patients who were referred during the study period, 13 TKAs in 13 patients (7%) were lost to followup. However, these missing patients were six patients with PJI surgery before referral and seven patients with no prior surgery at a referring hospital. It is unlikely to influence the results in an important way because there was no differential loss. Fifth, it is impossible to control for the overall number of procedures performed in the two groups without creating numerous subgroups that would decrease the study's statistical power. In other words, the surgery for PJI in our institution would be at least the third surgical procedure for TKAs with surgery before referral. Hence, a higher risk of persistent or recurrent infection could be associated with the number of previous interventions, but we would not have been able to identify that difference. Early referral would mitigate this issue, reinforcing our conclusion that PJIs should be referred for definitive treatment by a specialized team Volume 476, Number 10 instead of temporization in a less than ideal environment. Our experience represents that of a single tertiary care center with a highly specialized revision TKA referral practice and may not be generalizable.
We found that surgical treatment of a PJI before referral for subspecialty surgical management is associated with increased risk of persistent or recurrent infection. However, these findings could not be compared directly with those of other studies because, to our knowledge, no study has reported this exact issue before. Moreover, there is a paucity of evidence specific to the outcome of repeat surgical procedures for recurrent and persistent PJIs. Stammers et al. [30] reported that the success rate of two-stage revision for the treatment of PJIs was higher in TKAs with no prior surgery (75%) than in TKAs with prior failed surgery (36%), and their success rate of repeat two-stage revision was 42%. Mortazavi et al. [24] reported that the overall success rate after treatment for reinfected PJIs was 58% (25 of 43). The failure rate for reinfection treatment was higher for irrigation and débridement and one-stage revision (54%) when compared with two-stage revision (21%). Resection and placement of an antibiotic spacer was one of the frequent surgical procedures performed before referral. In all, 17 (23%) of 75 TKAs underwent resection and placement of an antibiotic spacer as the first stage of a twostage revision at an outside hospital; these patients were referred to our institution between stages. Dietz et al. [8] reported that two-stage revision occurring at two institutions led to higher failure rates (44%) and worse outcomes. At our institution, patients with prior excision arthroplasty and antibiotic cement insertion typically have redébridement and new antibiotic spacer insertion before completing the second stage. This directly questions the practice of having the referring surgeon attempt to treat PJI before referral, because the débridement may compromise subsequent outcomes. The procedure consists of joint fluid aspiration before arthrotomy, collection of tissue culture during débridement, and removal of the antibiotic spacer. The endosteal membrane is removed from medullary canals and was sent for culture followed by meticulous débridement, thorough irrigation, and new antibiotic spacer insertion. Surgery before referral seems to be detrimental to organism identification. This higher proportion of culturenegative infections identified in TKAs with prior surgery may be explained by the previous surgery and interim administration of intravenous and oral antibiotics [2, 20] . The prevalence of culture-negative PJI has been reported to range between 7% and 12% [2, 9, 10, 12, 25, 27] . Falsenegative results pose a challenge for choosing appropriate antimicrobial therapy and diagnosing the PJI. An integral feature of our institutional protocol for addressing PJI is the involvement of infectious disease physicians. These physicians assist in guiding selection and titration of antibiotic regimens and following the clinical progression of each patient with regular laboratory and clinical assessment.
Our observation has implications for the current structure of the US healthcare system and suggests all patients with PJI should be referred to a tertiary care center for definitive surgical treatment rather than surgical treatment at the diagnosing institution. It is logical to ask if there are enough subspecialty surgeons to handle the volume or enough hospital proximity and resources (such as personnel and operative time) to handle these referrals. With the Centers for Disease Control and Prevention reporting over 1 million total joint arthroplasties being performed in the United States each year, TKA infection rates range from 1.1% to 2.2% [18, 28] . It is estimated that approximately 20,000 new TKAs are treated per year for PJI alone. One study identified 320 fellowship-trained total joint reconstruction surgeons in 66 academic, tertiary care, fellowship total joint reconstruction practices that were confirmed to be active [16] . This would amount to five cases per fellowship-trained surgeon per month if all the cases were handled by these 66 centers. Therefore, it is less a question of surgical capacity, but an indictment of surgical willpower and proper patient care. Perhaps the establishment of centers of emphasis on PJI would facilitate referral and more appropriate care of our patients because the current system is capable but not willing to address this glaring issue with care within the American healthcare system. In summary, infection-free survival was decreased in patients who had unsuccessful PJI surgery before referral to a tertiary care center specializing in PJI treatment. The prevalence of culture-negative PJI was much higher if surgery was attempted before referral to a tertiary care center when compared with referral before treatment. This observation highlights the need for prompt and structured referral of PJI to a tertiary care center equipped with the multidisciplinary team dedicated to treating PJI (such as a center of emphasis or excellence dedicated to the treatment of PJI) before surgical management at the referring institution.
